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FLUCTUATIG ASYMMETRY IN THE OTOLITH
OF THE MUGILID FISH LIZA KLUZINGERI (DAY, 1888) 
FROM  PERSIAN GULF NEAR BANDAR ABBAS 
SUMMARY
Fluctuating asymmetry was calculated for the otolith length, width, and 
thickness in the adult fish Liza klunzingeri. The results showed that the level 
of asymmetry of the otolith width was the highest among the three asymme-
try values obtained. The asymmetry value was zero for the otolith thickness. 
The results also showed that the lowest level of asymmetry in the otolith 
length was at the fish length ranging between 14.1-15.0 mm, and the higest 
at the fish length 17.1-18.0 mm, while asymmetry was zero at fish length 
12.1-13.0. For the otolith width, the lowest level of asymmetry is at the fish 
length ranging between 13.1-14.0 mm and the highest at the fish length 
ranging between 17.1-18.0 mm while the value of asymmetry was zero in 
the fish length ranging from 12.1-13.0 mm. The possible cause of the asym-
metry in this species has been discussed in relation to the general presence 
of pollutants in the area. An  increasing asymmetry with the fish length (age) 
was noticed.
INTRODUCTION
The differential development of a bilateral character between the sides of an 
organism is known as asymmetry (VAN VALLEN, 1962; PALMER and STROBECK, 
1986; LEARY and ALLENDROFF, 1989). Fluctuating asymmetry which is a random 
deviation from perfect bilateral system can reflect developmental instability 
(PALMER, 1994; FEY and HARE, 2008), which is the inability of an organism 
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to compensate for disturbances during development (ZAKHAROV, 1992), and 
can be affected by stress related to environmental or genetic conditions. As 
a consequence, high fluctuating asymmetry could indicate the worst condi-
tion of larvae that experience unfavourable environments. Thus, the bilateral 
asymmetry measure could show an environmental effect on the condition of 
the organism.
The relationship between fish condition and fluctuating asymmetry has 
been studied for adult fishes, and a number of measurements have been 
proposed, including the number of gill arks, pectoral fin rays, fish body pro-
portions, eye spot area, or otolith size and shape (AL-HASSAN  et al., 1990; AL-
HASSAN and HASSAN,1994; ESCÓS et al.,1995; SOMARAKIS et al., 1997a; b; JAWAD, 
2001; 2003; 2004;  ØXNEVAD et al., 2002; GONçALVES et al., 2002;).
Recently, the consequences for a fish to have asymetrical otoliths have 
been reviewed and determined by GAGLIANO et al. (2007) and GAGLIANO and 
MCCORMICK (2009). Such consequences affect survival of young individuals 
because obstacle them in finding proper places for settlement. 
As fluctuating asymmetry studies were never performed on the otolith di-
mensions of the species in question or on that of the same species from other 
localities in Iranian waters the present study represents  the first study on fish 
otolith asymmetry of the Iranian waters. 
The present work studied fluctuating asymmetry in the otolith length, 
width, and thickness of the fish Liza klunzingeri collected from Persian Gulf 
near Bandar Abbas.
The present study should like to add material in the detection of suitable 
settlement habitats by the larvae of  Liza klunzingeri. 
MATERIALS AND METHODS
Description of sampling area
Bandar Abbas city, capital of Hormozgan province, Iran, lies between 56 
15E 26 58N. Its port is one of the most important commercial and fishing 
ports of Iran, and it is located in the middle of the Strait of Hormoz linking 
the Persian Gulf to the Sea of Oman, 1,501 km from Tehran and 500km to 
the south of Kerman.
The climate in Bandar Abbas is usually hot and humid during summer 
and moderate in winter. Maximum temperature in summers can reach up to 
49 °C while in winters the minimum temperature drops to about 5 °C. The 
annual rainfall is around 251 mm and the relative humidity is 66%. 
The sea currents, as in the other part of the Persian Gulf, move anticlock-
wise. Annual average surface temperature of water is 26.5°C. Fluctuations in 
temperature at nearshore areas is highest and exceed 20°C (16-36°C) than 
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that at open Gulf areas (17-34°C). Salinity varies between 36.5-37 ppt. The 
dense saline water of the western Gulf (now 40 ppt) sinks towards the trough 
along the Iranian coast and is returned southward in greater depths. It exits 
the Persian Gulf via the Strait of Hormuz as a deep water current, providing 
the driving forse for the renewal of the Gulf water. Liza klunzingeri fish indi-
viduals live between 10 and 20 m below the sea level. The species is com-
mon in most parts of the Persian Gulf and distributes in estuaries, creeks and 
comes near shore with high tide.
Sample collection
Fish specimens (250)  of Liza klunzingeri  were collected using purse sien net 
from only one location  on 03 July 2007 (Fig. 1). Otolith length, width and 
thickness were used to study  the asymmetry level in the fish species. In the 
present study, fluctuating asymmetry was not correlated with sex because 
larvae are not recognizable sex wise and asymmetries develop in the early 
stages of the fish life and any compensational growth during the larval stage 
cannot correct it. This is because such anomalies persist and became a load 
on the individual further in its life.  
Bandar Abas locality was chosen as it represents the main fishing ground 
for the species in question and asymmetry study for L. kluzingeri is important 
to the effect of this phenomenon on the settlement of the larvae of this spe-
cies in this important fishing ground.
Statistical analyses
The statistical analysis was based on the squared coefficient of asymmetry 
variation (CV2a) for the three otolith dimensions according to VALETINE et 
al.(1973):
  CV2a = (S r-l X 100/X r + l)
2 
Where S r-l is the standard deviation of signed differences and X r + l is the 
mean of the character, which is calculated by adding the absolute scores for 
both sides and dividing by the sample size. 
 
RESULTS
The results of asymmetry data analysis of the otolith length, width, and thick-
ness of Liza klunzingeri collected from waters of Badar Abbas, Persian Gulf, 
are shown in Table 1. The results showed that the level of asymmetry of the 
otolith width was the highest among the three asymmetry values obtained. 
There was no asymmetry in regard with the otolith thickness. For the three 
otolith characters studied in the present work, the results showed that  asym-
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metry was correlated with fish length (Table 2) showing its lowest and highest 
values in fish ranging in length between 14.1-15.0 mm and 17.1-18.00 mm 
respectively. The asymmetry value was zero in fish ranging 12.1-13.0 mm for 
the three otolith characters studied.
The percentage of the individuals showing asymmetry in the otolith width 
character was the highest among the percentages obtained for the three oto-
lith characters (Table 1). 
Table 1. Squared coefficient of asymmetry (CV2a) valueand character means (Xr+l) of 
Liza klunzingeri
Table 2. Squared coefficient of asymmetry and character means by size of Liza klun-
zingeri
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DISCUSSION
In vast number of animal taxa asymmetry in morphological characters is usu-
ally negatively correlated with the animal fitness (e.g. MØLLER and NIELSEN, 
1997; MARTIN and LOPEZ, 2001; BERGSTROM and REIMCHEN, 2003). The studies 
on the possible effect of asymmetry on dispersal and recruitment of individu-
als are lacking (MATESI, 1997; BREUKER et al., 2007).
In fishes, abnormal swimming activity (HELLING et al., 2003) and interfer-
ence with correct sound localization resulting in inability of individuals to 
integrate with the habitat they are living in (LYCHAKOV and REBANE, 2005), are 
consequences results of the bilateral asymmetry in otolith mass. 
The variations in the dimensions of the otolith of Liza klunzingeri, can af-
fect the capability of the young individuals to locate and settle down in their 
suitable habitats (GAGLIANO and MCCORMICK, 2004; GAGLIANO et al., 2008). 
Due to the asymmetry observed, settlement of larvae might be affected. Since 
the species in question is among the commercial species in Iran, such stud-
ies are considered relevant to the ecology of the species in order to assess its 
stock in the area.
For the variation in the asymmetry values obtained among the three mor-
phological characters of the otolith of Liza klunzingeri, it is impossible to 
evaluate the level of asymmetry of those characters and to determine if they 
are higher or lower than the average due to the lack of data regarding otolith 
asymmetry in this part of the world.
Due to unavailable data on the correlation between different environ-
mental pollutions and the morphology of the fish species in question to eval-
uate asymmetry along a pollution gradient, or from fish taken from impacted 
vs control (non impacted) sites, it is not possible at this stage to have precise 
indication on the significance of this phenomenon. However, based on pre-
vious studies in this field, it is possible to suggest a correlation between en-
vironmental stress due to pollution and asymmetry in the morphology of this 
species. Such environmental factors are present in the Persian Gulf waters in 
general and the Iranian coasts of the Persian Gulf in particular (FOWLER, 1993; 
ZAHED, 2002; POUREBRAHIM and YAVARI, 2003; VOSSOUGHI et al., 2005; HAAPKYLÄ 
et al., 2007; ZAHED et al., 2010). 
The environmental causes might be natural events, and several factors 
are known to produce nutritional deficiencies such as various pathogens and 
various population phenomena (BENGTSSON and HINDBERG, 1985), and it is 
highly possible that these factors may be in action in Oman Sea as they seem 
to be common in the aquatic environment.  
Several authors have shown a relationship between the coefficient of 
asymmetry and fish length (AL HASSAN et al., 1990; AL HASSAN and HASSAN, 
1994; AL HASSAN and SHWAFI, 1997; JAWAD, 2001) where there was a trend of 
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increase in the asymmetry value with the increase in fish length. The otolith 
morphological characters studied were identical and gave zero value for the 
asymmetry coefficient in several length groups studied. The results also show 
a trend of increase of otolith length and width asymmetry value with fish 
length.
REFERENCES
AL HASSAN L. A. J., AL DOUBAIKEL A.Y., WAHAB N. K., AL DAHAM N. K., 1990- Asymmetry 
analysis in the catfish, Heteropneustes fossilis collected from Shatt al-Arab River, 
Basrah, Iraq. Rivesta Idrobiologia 29: 775-780.
AL HASSAN L. A. J., HASSAN S. S., 1994- Asymmetry study in Mystus pelusius collected 
from Shatt al-Arab River, Basrah, Iraq. Pakistan Journal of Zoology 26: 276-278.
AL HASSAN L. A. J., SHWAFI N A. A.,1997- Asymmetry analysis in two marine teleost 
fishes collected from the Red Sea coast of Yemen. Pakistan Journal of Zoology 29: 
23-25.
BENGTSSON B. E., HINDBERG M., 1985- Fish deformities and pollution in some Swedish 
waters. Ambio 14: 32-35.
BERGSTROM C. A., REIMCHEN T. E., 2003- Asymmetry in structural defenses: insights into 
selective predation in the wild. Evolution 7: 2128-2138.
BREUKER C. J., BRAKEFIELD P. M., GIBBS M., 2007- The association between wing morphol-
ogy and dispersal is sex specific in the Glanville fritillary buttergly Melitaea cinxia 
(Lepidoptera: Nymphalidae). European Jornal of Entomology 104: 445-452.
DE MORA S., FOWLER S. W., TOLOSA I., VILLENEUVE J.-P., 2005- Chlorinated hydrocarbons 
in marine biota and coastal sediments from the Gulf and Gulf of Oman. Marine 
Pollution Bulletin 50:835-849.
ESCÓS J., ALADOS C. L., EMLEN J. M. AND ALDERSTEIN S., ESCÓS J., 1995- Development in-
stability in the hake parasitized by myxosporeans Kudoa spp. Transaction of the 
American Fisheries Society 124: 943-945.
FEY D. P., HARE J. A., 2008- Fluctuating asymmetry in the otoliths of larval Atlantic 
menhaden Brevootita tyrannus (Latrobe)- a condition indicator? Journal of Fish 
Biology 72: 121-130. 
FOWLER S. W., 1993- Pollution in the Gulf: Monitoring the marine environment. IAEA 
Bulletin 2: 9-13. 
GAGLIANO M., DEPCZYNSKI M., SIMPSON S. D., MOORE J. A. Y., 2008- Dispersal without 
errors: symmetrical ears tune into the right: frequency for survival. Proceeding of 
the Royal Society B 275: 527-534. 
GAGLIANO M., Mc CORMICK M., 2004- Feeding history influences otolith shape in tropi-
cal fish. Marine Ecology Progress Series 278: 291-296.
GONçALVES D. M., SIMÕES P. C., CHUMBINHO A. C., CORREIRA M. J., OLIVEIRA R F., 2002- 
Fluctuating asymmetry and reproduction success in the peacock blenny. Journal 
of Fish Biology 60: 810-820.
HAAPKYLÄ J., RAMADE F., SALVAT B., 2007- Oil pollution on coral reefs: A review of the 
state of knowledge and management needs. Vie et Milieu 57: 91-107.
HELLING K., HAUSMANN S., CLARKE A., SCHERER H., 2003- Experimentally induced motion 
101
Thalassia Salentina  n. 33-2010/2011
sickness in fish: possible role of the otolith organs. Acta Otolaryngologica 123: 
488-492.
JAWAD L. A., 2001-Preliminary asymmetry analysis of some morphological characters 
of Tilapia zilli (Pisces: Cichlidae) collected from three localities in Libya. Bolletino 
Museo regionale di Scienze naturali Torino 18: 251-257.
JAWAD L. A., 2003- Asymmetry in some morphological characters of four sparid fishes 
from Benghazi, Libya. Oceanological and Hydrobiological Stududies 32: 83-88.
JAWAD L. A., 2004- Asymmetry analysis in the mullet, Liza abu collected from Shatt 
al-Arab River, Basrah, Iraq. Bolletino Museo regionale di Scienze naturali Torino 
21: 145-150.
LEARY A., ALLENDROF F. W., 1989- Fluctuating asymmetry as an indicator of stress: im-
plications for conservation biology. Trend in Evolution 4: 214-217.
LYCHAKOV D. V., REBANE Y. T., 2005- Fish otolith mass asymmetry: morphometry and 
influence on acoustic functionality. Hearing Research 201: 55-69.
MARTIN J., LOPEZ P., 2001- Hind limb asymmetry reduces escape performance in the 
lizard Psammodromus algirus. Physiological Biochemistry and Zoology 74: 619-
624.
MATESI G., 1997- Is variation in orientation related to fluctuating asymmetry in mygra-
tory passerines? Etholology, Ecology and Evolution 9: 209-211.
MøLLER A. P., NIELSEN J. T., 1997- Differential predation cost of a secondary sexual char-
acter: sparrow hawk predation on barn swallows. Animal Behaviour 54: 1545-
1551.
ØXNEVAD S. A., HEIBO E. , VOLLESTAD L. A., 2002- Is there a relationship between fluc-
tuating asymmetry and reproductive investment in perch (Perca fluviatilis)? Cana-
dian Journal of Zoology 80: 120-125.
PALMER A. R.,1994- Fluctuating asymmetry analysis: a primer. In: Developmental in-
stability: its origins and evolutionary implications (Markow, T. A., ed.), pp. 335-
364. Dordrecht: kluwer.
PALMER A. R.,  STROBECK C., 1986- Fluctuating asymmetry: measurements, analysis and 
pattern. Annual Review of Ecology and Systematics 17: 391-421.
POUREBRAHIM SH., YAVARI A. R., 2003- Sustainable development of Qeshm island (Per-
sian Gulf) using land use planning methods. Journal of Environmental Studies 29: 
71-88.
SOMARAKIS S., KOSTIKAS I., TSIMENIDES N., 1997a- Fluctuating asymmetry in the otoliths of 
larval fish as an indicator of condition: conceptual and methodological aspects. 
Journal of Fish Biology 51: 30-38.
SOMARAKIS S., KOSTIKAS I., PERISTERAKI N., TSIMENIDES N., 1997b-Fluctuating asymmetry in 
the otoliths of larval anchovy Engraulis encrasicolus and the use of developmen-
tal instability as an indicator of condition in larval fish. Marine Ecology Progress 
Sereries 151: 191-203.
VALETINE D. W., SOULE M. E., SAMOLLOW P., 1973- Asymmetry in fishes: a possible statis-
tical indicator of environmental stress. Fishery Bulletin 71: 357-370.
VAN VALLEN L., 1962- A study of fluctuating asymmetry. Evolution 16: 125-142.
VOSSOUGHI M., MOSLEHI P., ALEMZADEH I., 2005- Some investigation on bioremediation 
of sediment in Persian Gulf coast. International Journal of Engineering 18: 45-53.
ZAHED M. A., 2002- Effect of pollution on Persian Gulf mangroves, Ministry of Jihad 
and Agriculture, Tehran, Iran.
102
Thalassia Salentina  n. 33-2010/2011
ZAHED M. A., RUHANI F., MOHAJERI S., 2010- An overview of Iranian mangrove eco-
system, northern part of the Persian Gulf and Oman Sea.  Electronic Journal of 
Environmental, Agricultural and Food Chemistry 9: 411-417.
ZAKHAROV V. M., 1992- Population phenogenetics: analysis of developmental stability 
in natural populations. Acta Zoologica Fennica 191: 7-30.
